Admission rates and outcomes of patients who have ESRD and are admitted to an intensive care unit (ICU) are not well defined. We conducted a historical cohort study using a prospective regional ICU database that captured all 11 adult ICUs in Winnipeg, Canada. Between 2000 and 2006, there were 34,965 total admissions to the ICU, 1173 (3.4%) of which were patients with ESRD. The main admission diagnoses among patients with ESRD were cardiac disease (31%), sepsis (15%), and arrest (10%). Compared with other patients in the ICU, those with ESRD were significantly younger but had more diabetes, peripheral arterial disease, and higher APACHE II (Acute Physiology and Chronic Health Evaluation II) scores; mean length of stay in the ICU was similar, however, between these two groups. Restricting the analysis to first admissions to the ICU, unadjusted in-hospital mortality was higher for patients with ESRD (16 versus 11%; P Ͻ 0.0001), but this difference did not persist after adjustment for baseline illness severity. In conclusion, although ESRD associates with increased mortality among patients who are admitted to the ICU, this effect is mostly a result of comorbidity.
The prevalence of ESRD continues to grow steadily and now exceeds 1.5 cases per 1000 population in the United States. 1 Although admissions for infection and cardiovascular disease are common in patients with ESRD, little is known about the rate or length of stay (LOS) of ICU admissions. 2 Similarly, the outcomes of patients who have ESRD and are admitted to the ICU are not well described. Until recently, it was assumed that patients with ESRD had outcomes similar to patients with acute kidney injury (AKI); however, data from a large UK database suggested ICU mortality is intermediate between patients without ESRD and those with oliguric AKI. 3 Interestingly, much of the increased mortality risk in patients with ESRD was attributable to comorbidities and illness severity. The same study estimated that the ESRD-specific ICU admission rate was 6 per 100 patients with ESRD per year.
It is difficult to extrapolate these results to the North American setting because substantial demographic, case-mix, practice pattern, morbidity, and mortality differences may exist between North American and European ESRD populations. 4 -6 Unfortunately, corresponding data on patients who have ESRD and are admitted to the ICU in North American centers are sparse, [7] [8] [9] and in toto these studies report on only 239 patients with ESRD. Only one study 7 compared in-hospital mortality in patients with ESRD (n ϭ 57), patients without ESRD (n ϭ 1219), and patients with AKI (n ϭ 254), reporting rates of 14, 9, and 34%, respectively. A more robust estimation of the mortality of patients who have ESRD and are admitted to the ICU in North America is needed to guide clinicians in estimating prognosis and to avoid inappropriate withholding of ICU care on the basis of ESRD status alone.
The objectives of our study were to estimate the rate of ESRD admissions to ICU in a regional North American center, to examine the outcomes of these patients after admission, and to estimate the excess mortality risk attributable to ESRD status per se. We hypothesized that the excess ICU mortality risk associated with long-term dialysis status would be modest and less than that associated with AKI that requires dialysis.
RESULTS
During the study period, there were 34,965 total admissions to ICU, 1173 (3.35%) of which included patients with ESRD. The most common admitting diagnoses for patients with ESRD were cardiovascular (e.g., congestive heart failure, myocardial infarction, arrhythmia) in 31%, sepsis in 15%, and cardiac arrest (mechanism not specified) in 10%.
As shown in Figure 1 , crude admission rates were severalfold higher in the prevalent adult ESRD population than in the adult non-ESRD population in Manitoba (15.6 admissions per 100 prevalent patients with ESRD per year versus 0.58 per 100 prevalent patients without ESRD per year). Age and gender standardization attenuated the ESRD admission rate, suggesting that some of the difference was attributable to differences in age and gender distribution between the adult ESRD and general populations.
The mean length of stay (LOS) for patients with ESRD during the same period was 4.3 d. Using these figures, mean ICU use by dialysis patients during the study period, calculated as mean admission rate multiplied by mean LOS, was 67 ICU bed-days per 100 dialysis patients per year.
Of the total admissions during the study period, 28,114 (80.4%) were first admissions and 6851 (19.6%) were repeat admissions. To avoid potential distortions as a result of the nonindependence of repeated admissions, we restricted the analysis to first admissions. Of the first admissions, 619 had ESRD. Among the patients without ESRD, 935 (3.32%) developed AKI defined as requirement for dialysis or continuous renal replacement therapy (see the Concise Methods section). Table 1 illustrates demographic, case-mix, and outcome differences between patients with and without ESRD. Patients with ESRD were younger and had higher rates of diabetes and vascular disease than patients without ESRD. A higher proportion of the group with ESRD had cardiac arrest, sepsis, or multiorgan failure. Several physiologic variables were statistically significantly different between the groups. Acute Physiology and Chronic Health Evaluation II (APACHE II) scores were higher in patients with than without ESRD, as expected, an effect that persisted even after subtracting the renal component of the score (renally adjusted APACHE II; see the Concise Methods section). LOS was similar, as was the Therapeutic Intervention Scoring System (TISS) score, which is an accepted measure of ICU resource use. 10 Readmissions to ICU within 3 d and readmissions during same hospital stay were roughly twice as frequent in the group with ESRD. Unadjusted in-hospital mortality among patients with ESRD was significantly higher than in patients without ESRD. Table 2 highlights differences between patients with and without ESRD and with AKI requiring dialysis. The patients with AKI were generally the sickest, followed by patients with ESRD, as suggested by the higher proportion of patients in these groups who had cardiac arrest, sepsis, multiorgan failure, or more severe physiologic or biochemical derangements. APACHE II scores were highest for patients with AKI, as expected, followed by patients with ESRD. Interestingly, this relationship was still evident in the renally adjusted score. LOS and TISS score were similar in ESRD and the non-AKI groups but were significantly higher in the patients with AKI. Readmissions to ICU were roughly twice as frequent in the ESRD and AKI groups. Unadjusted in hospital mortality among patients with ESRD was almost twice that in control subjects but less than half that in patients with AKI. Using logistic regression, we adjusted the odds ratio (OR) associated with ESRD status for the effects of potential confounders. After adjustment, the OR associated with ESRD status was close to unity and not statistically significant (Table 3) . When a reduced model was derived using backward stepping (Table 4) , ESRD status was not statistically significant and was excluded from the final model. In a sensitivity analysis using last admissions instead of first admissions, the adjusted OR for death associated with ESRD was slightly higher but not statistically different from unity (1.17; 95% confidence interval 0.93 to 1.45).
DISCUSSION
The main findings of our analysis were that (1) patients with ESRD were admitted to the ICU much more frequently than that observed for the general population; (2) patients with ESRD experienced less than half the crude mortality of patients with AKI in the ICU; and (3) ESRD status, although identifying a discrete group with worse ICU prognosis, was not associated with higher in-hospital mortality after multivariate adjustment, suggesting that the higher mortality was driven by comorbid conditions and illness severity rather than ESRD status per se.
Our results are congruent with those of a large UK study. Hutchison et al. 3 examined admission rates and outcomes of patients who had ESRD and were admitted to ICUs in the United Kingdom using the Intensive Care National Audit and Research Centre database. ICU admission and bed use rates for patients with ESRD were six admissions and 32 ICU bed-days per 100 patients with ESRD per year, respectively, higher than for the nondialysis UK population but approximately half that observed in our study. In-hospital mortality and APACHE scores for patients with ESRD were similar to those in our study, but their group without ESRD had higher mortality than ours. Within the control group of the Hutchison study, patients who had oliguric AKI were noted to have a mortality of 70.3%. Differences in case mix between UK and Canadian dialysis patients and differences in ICU practice patterns and referral filter biases between the United Kingdom and Canada could account for some of these outcome differences.
Several smaller, single-center studies also support our findings. A study by Clermont et al. 7 reviewed 1530 admissions to eight ICUs during a 10-mo period in Pittsburgh, Pennsylvania. Only 57 of the admitted patients had ESRD, 254 developed AKI on the basis of acute changes in serum creatinine, and 1219 had no renal failure. They found, as in our study, that patients with ESRD had intermediate acute illness severity scores and mortality. In-hospital mortality in their study was lower than in our study (34% in patients with AKI, 14% in patients with ESRD, and 9% in control subjects). Manhes et al. 8 studied at 92 longterm dialysis patients who were admitted to the ICU and found mortality rates in hospital of 38%, with mean ICU LOS 6.2 Ϯ 9.9 d. Dara et al. 9 examined mortality of 93 patients who had ESRD and were admitted to the ICU and found ICU, hospital, and 30-d mortality rates to be 9, 16, and 22%, respectively.
The unadjusted in-hospital mortality of patients with ESRD in the three largest studies (ours, Hutchison et al., 3 and Clermont et al. 7 ) was less than half the mortality observed in patients with AKI. After adjustment for potential confounders, the impact of ESRD status on in-hospital mortality was modest in all three studies, conferring a Ͻ25% increase in risk. That the outcomes of patients with ESRD seem relatively consistent across multiple regions that have different case mixes and practice patterns for dialysis and ICU suggests these observations are robust. Clinically, because prognosis depends more on comorbid conditions than on ESRD status, it seems reasonable to base decisions about treatment and ICU admission on comorbid conditions, not on ESRD status.
There are several important limitations to this analysis. One of the most important is that ICU admission filter biases for CLINICAL EPIDEMIOLOGY www.jasn.org patients with ESRD remain undefined: We cannot know which or how many patients with ESRD were declined for admission to ICU and whether the criteria for admission differed systematically from those applied to nondialysis patients. It is possible that only "good" dialysis patients were selected for admission and thus that outcomes observed in the study are not reflective of all dialysis patients who are potential ICU candidates. In this regard, Hutchison et al. 3 noted that median age of admission to ICU of patients with ESRD was less than the median age of prevalent patients with ESRD in the United Kingdom and concluded that referral filter biases against older dialysis patients probably existed. This was not observed in our study. Moreover, patients with ESRD had greater comorbidity and higher illness severity scores, arguing against strong admission filter biases on the basis of perceived illness severity. The study analyzed data from an existing clinical database of ICU patients. Clinical databases may suffer from incompleteness and inaccuracy of data, and, in some cases, data are entered retrospectively; however, the database used for this study was comprehensive and prospective, with mandatory data entry by dedicated program research nurses as part of the admission process, likely mitigating some of these weaknesses. We used a more liberal definition of long-term dialysis in our study (6 wk on dialysis versus 12 wk) than has been used in large registry studies. This may have biased our ESRD group toward inclusion of sicker patients and higher mortality; however, the di- rection of this bias (i.e., overestimate of true mortality associated with ESRD status) is unlikely to alter the conclusion that ESRD status was not associated with mortality after adjustment. We used in-hospital mortality as our primary outcome measure. This statistic probably underestimates true mortality, because some patients may have died after hospital discharge. Finally, our results describe observations in a single region, and thus generalizability across other regions of the United States and Canada has not been directly established. Nevertheless, the consistency of our findings regarding the adjusted risk for mortality attributable to ESRD status across regions (Europe, United States, and Canada) is reassuring.
In conclusion, patients with ESRD were admitted to the ICU much more frequently than that observed for the general population. Although patients with ESRD did fare worse than patients without ESRD, their mortality was half that observed for patients with AKI. Most of the adverse prognosis associated with ESRD status was attributable to comorbidities and illness severity, rather than ESRD status itself. Our findings are congruent with studies in other regions of the world and suggest that at most a modest increase in mortality is associated with ESRD in the ICU. We suggest that decisions about ICU admission and treatment for dialysis patients should be based on comorbidities and illness severity, not on ESRD status.
CONCISE METHODS

Study Population
The study population consisted of all adult patients who were admitted to any of the 11 ICUs serving the city of Winnipeg, Manitoba, Canada, during a 7-yr period from January 1, 2000, to December 31, 2006. Winnipeg is the tertiary care referral center for the entire province of Manitoba (2006 population: 1,148,400). The ICUs included two primarily surgical and nine primarily medical ICUs. Significant overlap in the type of patient treated in surgical versus medical ICU frequently occurred, because patients were often transferred between designated surgical and medical ICUs in accordance with bed availability, irrespective of diagnosis. Seven of the ICUs were in tertiary care teaching hospitals, whereas four ICUs were in CLINICAL EPIDEMIOLOGY www.jasn.org community hospitals. The ICUs at the two teaching hospitals were dialysis capable, whereas the community ICUs were not. All patients who required dialysis (long-or short-term) were transferred as soon as possible to one of the dialysis-capable ICUs. High-acuity patients without renal failure were also routinely transferred to the tertiary care teaching hospitals to access services not available in the community. All ICUs were closed units managed by an attending intensivist and a dedicated ICU staff. All renal replacement therapy (intermittent hemodialysis or continuous venovenous hemodiafiltration) was managed by nephrologists.
Data Collection
The electronic database for the ICUs is a regional, prospectively maintained database of all patients who are admitted to any of the 11 ICUs in Winnipeg. Data collection for the database is a mandatory part of the admission process. Clinical admission and discharge diagnoses are entered in real time by the attending intensivist. All other clinical data are entered by one of several full-time research nurses employed by the regional ICU program. The database tracks patients from ICU admission to death or hospital discharge. All data sheets are audited for completeness by research nurses at the time of discharge from ICU and at hospital discharge. When necessary, a chart review to identify missing data elements is performed. Collected data include patient demographics, admitting and discharge diagnoses (primary and up to five secondary diagnoses for each), illness severity indicators including all elements of the APACHE II and euroSCORE (European System for Cardiac Operative Risk Evaluation) on admission, admission serum creatinine, daily TISS scores to quantify type and number of ICU interventions, disposition, and in-hospital survival.
Cohort Definitions
ESRD status on admission was prospectively collected and defined in the database as ongoing need for peritoneal dialysis or ongoing need for hemodialysis beyond 6 wk after initiation. AKI was defined as acute or acute on chronic renal dysfunction severe enough to require renal replacement therapy of any form (e.g., continuous venovenous hemodiafiltration) at any point during the ICU admission. The need for acute dialysis was coded directly, prospectively, and unambiguously in the database. Because the ICU database included only the admission creatinine value, it was not possible to define less severe forms of AKI using percentage or absolute serum creatinine rise.
Outcome Definitions
The primary outcome was in-hospital mortality. The ICU database tracks all patients from ICU admission to final discharge from hospital or death, so in-hospital mortality and LOS were known for all patients. The TISS, 10 which quantifies type and number of ICU interventions and is an accepted measure of Crude yearly ICU admission rates for patients with ESRD were calculated as the number of ESRD admissions divided by the number of prevalent patients registered in the Manitoba Renal Program registry at the end of that year. Because patients with ESRD are older and have a greater proportion of men, we adjusted the crude rates by age and gender by direct standardization against the 2006 adult population of Manitoba. Admission rates for patients without ESRD were calculated as the number of non-ESRD ICU admissions divided by the adult population of Manitoba in 2006.
We used multiple logistic regression to adjust the OR for death associated with ESRD status for baseline case-mix and physiologic variables. To avoid potential distortions as a result of the nonindependence of repeated admissions, we restricted the analysis to first admissions. Because our main objective was comprehensive adjustment, variables were included in the first model (Table 3 ) on the basis of either statistical significance or potential biologic importance. A second, reduced model was also derived using backward stepping (Table  4) . Because death and readmission to ICU are competing and mutually exclusive outcomes, analysis of first admissions could underestimate mortality in groups with higher readmission rate. For this reason, we performed a sensitivity analysis using last admissions. All analyses were performed using SAS 9.1.3.
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